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Abstract 
 
The study presents the results of impact tests carried out on austenitic ductile iron with 30% Ni. The examined material was subjected 
to dynamic loads within a wide range of temperatures from (–196°C) to (+400°C). The fractures were examined under a JEOL JSM 
6460LV scanning electron microscope. Additionally, microstructural examinations were carried out and chemical analysis in microregions 
was done by EDS. 
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1. Introduction 
 
Ductile iron is one of the most frequently used cast materials 
for parts of machines and equipment. The range of its application 
is permanently growing owing to the use of proper alloying 
elements added to the cast iron composition. The versatility of 
austenitic high-nickel cast iron is due to its specific chemical and 
physical properties, mainly good resistance to chemical and gas 
corrosion, combined with high- and low-temperature resistance. 
The nodular shape of graphite improves the austenitic cast iron 
resistance in corrosive media, while preserving its high 
mechanical properties within a wide range of temperatures. The 
high corrosion resistance of the austenitic ductile iron is due not 
only to the spheroidal shape of graphite, but also to the reduced 
content of non-metallic inclusions, which act as micro-cells 
aggravating the casting degradation process [1-5, 8]. The high-
nickel, acid-resistant, austenitic cast iron is also popular because 
of its satisfactory heat resistance. The chromium-free cast iron is 
characterised by a satisfactory resistance to corrosion in the 
oxidising gaseous media (+700°C), and therefore is widely used 
for parts of chemical apparatus [3]. 
Austenitic ductile iron is an indispensable material for 
structures operating at low temperatures, particularly when 
castings have intricate configurations and require laborious and 
expensive machining. In the technology of low temperatures this 
cast iron may serve as a full-value structural material, quite often 
hard to replace even with steel [3,6,7,9].  
The studies carried out so far at the Institute of Materials 
Engineering, Cracow University of Technology, have been 
focused on the determination of an effect of nickel content on the 
mechanical properties of austenitic ductile iron  [1,4,7,12], but in 
the so far investigated cast irons the nickel content has never 
exceeded 24%.  At low temperatures, the impact resistance of austenitic cast 
iron decreases in function of the time during which it remains at 
these temperatures. The cause is the lack of stability, typical of an 
austenitic matrix [3] and depending, among others, also on the 
nickel content present in cast iron matrix. The aim of this study 
was to determine the effect of temperature on the impact load 
resistance of austenitic ductile iron when the nickel content was 
raised up to 30%. The investigations included the determination 
of impact resistance (KCV) within the temperature range of from 
(-196°C) to (+400°C), and examinations of the specimen fractures 
and microstructure. 
 
 
2. Own investigations 
 
Investigations were carried out on austenitic ductile iron of 
the following chemical composition: 2,80% C; 2,20% Si; 3,90% 
Mn; 0,04% P; 0,02% S; 0,25% Mg; 30,5% Ni. Characteristic 
precipitates of nodular graphite present in the examined cast iron 
are shown in Figure 1.  
 
Fig. 1. Graphite in austenitic ductile iron with 30% nickel content. 
Unetched, magn. 100x 
 
The microstructure of this material was characterised by the 
lack of homogeneity. Besides the above mentioned graphite 
precipitates, also the precipitates of another phase, characterised 
by an irregular shape, were observed. They were mainly present 
on the austenite grain boundaries (Fig. 2). The high content of 
aluminium and oxygen (item 1 in Fig. 2) has been left from the 
process of preparation of the specimen section. Further 
examinations of microstructure have revealed that the phase is 
rich in alloying elements (among others, nickel, manganese and 
silicon - Fig. 3) and characterised by high brittleness and as such 
it constitutes a site favourable for the nucleation and onset of 
brittle fractures. Fractures running along the whole length of the 
precipitates of this phase were typical of the examined material. 
 
 
Fig. 2. Example of a precipitate of the intermetallic phase in 
austenitic  ductile iron with 30% nickel content (1, 2, 3 -  points 
where the chemical composition was determined).  Magn. 2000x 
 
 
The surface analysis of the distribution of elements has confirmed 
the complex chemical composition of the phase present in high-
nickel, austenitic, ductile iron. 
 
 
 
 
Table 1. 
Chemical composition in microregions and at the individual points shown in Figure 2 
Chemical composition at points shown in Fig. 2 
Point 1  Point 2  Point 3   
Mass content in 
% 
Error 
2-σ 
Mass content in 
% 
Error 
2-σ 
Mass content in 
% 
Error 
2-σ 
C  8,802 1,248 0,000 0,000 7,770 1,154 
O  35,017  1,134 4,990 0,487 3,667 0,402 
Mg  2,597 0,168  14,159  0,543 0,360 0,089 
Al  25,000  0,476 0,112 0,045 0,060 0,031 
Si  2,408 0,154 8,654 0,346 2,814 0,190 
P  1,370 0,113 3,139 0,206 0,120 0,038 
S  0,148 0,035 0,128 0,040 0,215 0,048 
Mn  3,259 0,196 9,137 0,362 5,324 0,279 
Fe 4,293  0,235  7,122  0,329  57,463  0,984 
Ni  17,105 0,567 52,559 1,137 22,207 0,751 
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Fig. 3. Surface distribution of elements in the structural constitutents of austenitic ductile iron with 30% nickel content 
 
  An example of this analysis, carried out for the selected 
elements, is shown in Figure 3. Yet, by this method, it has not 
been possible to determine of what exactly type the intermetallic 
phase is. Detailed diffraction analysis is needed in this case. 
  The toughness of the examined cast iron was determined 
from the results of impact tests carried out on the V-notched 
specimens. For tests a 150J Charpy impact pendulum, type 
1H539, made by A. B. ALPHA was used. 
 
 
ARCHIVES of FOUNDRY ENGINEERING Volume 8, Issue 4/2008, 193-198  19526,2
21,8
21,6
24,2
21,2
23,4
20,0
17,3
14
16
18
20
22
24
26
28
-196 -120 -60 -40 -20 20 200 400
Temperature [
oC]
I
m
p
a
c
t
 
r
e
s
i
s
t
a
n
c
e
 
[
J
/
c
m
2
]
.
 
 
Fig. 4. Temperature effect on mean impact resistance (KCV) of austenitic ductile iron with 30% nickel content 
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Fig. 5. Fractures in impact specimens of austenitic ductile iron tested at the temperatures of  (+20°C),  
(-20ºC), (-40ºC), (-196°C) (A - magn. 500x; B - magn.2000x) 
 
 
The tests were made in accordance with the Polish Standard 
PN-EN 10045-1, on 3 specimens at the temperatures of (+200°C); 
(+100°C); (+20°C); (-20°C); (-40°C); (-60°C) and (–196°C). The 
10mm x 10mm specimens for the impact tests were prepared in 
accordance with the Polish Standard PN-EN 1563:2000.  
Figure 4 shows the effect of temperature on the mean impact 
resistance (KCV) of austenitic ductile iron.  
After impact tests, the fractures of the specimens were 
examined under a JSM 6460LV scanning microscope made by 
JEOL. For examinations, the fractures of the specimens that   
failed at the temperatures of (+20°C), (-20°C), (-40°C) and   
(-196°C) were chosen. The results of the examinations are shown 
in Figure 5. 
Close examinations of the austenitic ductile iron specimens 
with 30% nickel content after impact resistance tests have proved 
mixed character of fractures, irrespective of the temperature at 
which the examinations were conducted. The examined material 
revealed the presence of both ductile and brittle fractures running 
along the grain boundaries and across the crystals   
(a transcrystalline fracture mode). Numerous brittle fractures are 
due to the brittle nature of the intermetallic phase present in cast 
iron.  
In the regions where the transcrystalline ductile fracture mode 
was prevailing, the surfaces of the observed fractures formed 
a network of conical „acclivities” and „recesses”, in most cases 
holding inside the precipitates of graphite and showing traces of 
severe plastic deformation. Inclusions of this phase are acting as 
stress concentrators and can also play the role of microcracks 
nuclei. In [10,11] it has been stated that in the absence of 
precipitates, the nucleation of microcracks for fractures of this 
type occurs in microregions characterised by the highest plastic 
deformation. The size of the „acclivities” and „recesses” on the 
fracture surface mainly depends on the size of the matrix grains 
and blocks and on the degree of the precipitates dispersion. The 
formation of a void is much simpler, since the dimensions of the 
particles are larger, and nucleation of a void takes place when the 
precipitate has reached its critical dimension [11]. 
It can be expected that the formation of brittle transcrystalline 
fractures in the examined cast iron is preceded by 
a transcrystalline fracture of the intermetallic phase precipitating 
in an irregular mode along the austenite grain boundaries. The 
traces of brittle transcrystalline fractures in an intermetallic phase 
are shown in Figure 2. The cracks observed after the impact test 
carried out at the temperatures of (-20°C) and (-40°C) (Fig. 5) 
have proved the transcrystalline cleavage type of the fracture 
mechanism. Though cleavage fractures are typical of materials 
with a low transverse slip tendency [11], i.e. of metals with RPC 
and HZ lattice, the mode in which the fractures shown in Fig. 5 
 ((-20°C) and (-40°C)) are propagating unmistakably indicates the 
cleavage type of a fracture mechanism. Moreover, it is easy to 
note that the formation of jogs between the cleavage planes has 
occurred not only as a result of fractures along the secondary 
planes but also due to the formation of bridges followed by 
breaking of interlayers under the effect of high-rate plastic 
deformation. 
 
 
3. Summary 
 
The, elevated to 30%, nickel content in ductile iron may be 
advantageous but only for the stability of austenitic matrix at low 
temperatures. At the same time, however, the appearance of brittle 
intermetallic phase and its precipitation along the grain 
boundaries has an adverse effect on the impact load resistance of 
austenitic ductile iron. Taking the above into consideration and 
the results of the investigations, increasing nickel content up to 
30%  seems to make little sense. 
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